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Deseriptfon 

Th present invention relates to human Tumor Nocrocic Factor (IMF) Binding Protein I. herein 
designated T8P-I (■ soluble Tumor Necroeit Factor Receptor t/pe f (sTNF-RI)), and more particularly, to 
5 tha cloning of the gene coding for said protein and Ha expression tn eukaryotic host cells. 

TNF-v and TNF*^ (tymphotoxin) are structurally ralatod polypeptkle cytokines, produced primarily by 
mononuclear leukocytes, wtme effects on cell function constitute a maior factor in the etettatlon of ttie 
Inflammatory response. The TNFs affect cells in different ways, some of whicfi resemble ttie functional 
modes of other infianunatory mediators, tike interteukin-1 (IL-I) and Interteuiun-8 (IL-6). What appears most 

10 distinctive regarding the activity of the TNFs Is that many off their effects can result In ceil and tissue 
destruction. Increasing evidence that over-Muciion of those destructive aoivfttes contributes to ttie 
pathogenesis of a number of diseases, makes rt of particular interest to elucidate their mechanisms and the 
ways they are regulated (Old, LJ. (1988) ScUm. ^ pp. 41*40)^ 

High afUnity receptors, to wWch both TNF^ and TNF-/I bM (Beutler, SJL, et al. (1985) J.Exp.Med, 

fs 16t . pp. 984-^9^ play a key role ^ the initiation and In the oontroi c0 the cellular response to those 
cytokines. These receptors are expressed on the surfaces of a variety of different ceils. Studies showing 
that antibodies reactir^ with their extracettular portfens affect ceOs in a manner very similar to the TNFs. 
demonstrate that the receptors and celfcHar components associated with them are sufficient to provide the 
Intracellular signalGng tor the effects of the TNFs (Espevik. T„ et ai„ (1900) J.Exp.Med. i7i. pp. 415-429). 

20 Other studies have shown that molecules related to the TNF receptors (TNF-Rs) exist also in soluble 
fbrma. Two immunotogically distinct species of such sokjble TNF-Rs, designated TNF Binding Proteins I 
and II, or TBM and TBP-U, respeetiveiy. were recently isolated from human urme (Engebnann, H.. et al^ 
(1989) J.BIot.Chem. pp. 11974-11980: Engeimann, K, et aL (1990) J.Btol.Chem. 265. pp. 153M 536: 
Oteson, L et al,. (1989) Eur J.HaematoL 42. pp^ 27t«75: Seddnger. et at. (1989a) J.Bioi.Chem. »4, pp. 

M 11968-11973). Immunological evktenoe kicficatod that the two proteins are stmcturaJly related to two 
molecular species of the cea surface THF-H (the type I and type 11 recepton. respectively). Antibodies to 
each of the two soluble proteins were shown to bkacfc speciftcaOy the binding of TNF to one of the two 
receptors and coUd be used to immunoprec^pttBte the receptors. Antibo^ against one of the two soluble 
pnnetns (TBP-I) were also tound to induce effects characlerisite of TNF In eeOs which express the 

» immunoiogicafly cro ss -r ee cth^ ceO receptors (Engelmann, H„ et (1990) ibW.), Uke the ceil surface 
receptors for TNF, the soiubfe terms of these receptors speciHca0y bind TNF and can thus interfere with its 
binding to ceils. It was suggested that they function as physiologtcai inhtoitors of TNF aaiviiy (Engelmann 
etal.. 1988 (ibid.); OlssonetaL, 1988 (Oskt); Secfcingeret aU 1 989a (ibid.)). 

Soluble forms of cefl surfece receptors may be derived from the ceH surface form of the receptor by 

35 proteolytic deavage, or by a different mechanism proposed in two recent studies descn'bing the doning of 
the cONAs tor the receptors to n.-4 and lt-7. Besktes cONA clones encoding the fuH length receptors, 
dones which encode truncated, soiubfe forms of these receptors were also isolated in these studies, it was 
suggested that these latter ctonea are darived from transcripts spedlicatty encoding sokjbte forms of the 
receptors, transcrteed from the same genea which encode the cell surfece fonns, but differently spBccd 

« (Mosfey. et at. (1888) CeO 58, pp. 338*348; Goodwin. f^O, etaL, (1990) CeH 60. pp. 941-951). 

Two recent studies have descHbed the molecular ctoning and aacpression of human type I TNF cefl 
surfece receptor (Loefecher. H.. et al. (1980) CeO 81 , pp. 351-359: Sehatt TJ.. et aL (1990) CM 81, pp. 
361-370). 

The presem invention relates to the productton or human TBW by a method comprising iransfection of 
49 eukaryotic, preferably CHO cede, with an expression vector comprising a DNA molecule encoding the whole 
type I human TNF rec^>tor (TNF-f^ euiturtng the transfecied eukaryotfc cells and isolaiing said TBP-I from 
the medium When said whole ONA molecuie ia used, soluble proteins are produced by the transfecied 
ceOs. along with the ceO surface receptor, and are secrMd Into the medium. 

Rgure 1 shows the nucleotide sequence of the type I TNF receptor cONA and the predicted amino acid 
so sequence of M encoded protsin. 

(A) shows the probes used for screening ter the cOHK wherein: 

(a) shows the NHa-tenminal amino ackd sequence of TBfH 

(b) shows synthette oSgonudeotide pnjbes, designed on the bass of the NHj^erminai amino acid 
sequence, used for initial screening; and 

S5 (c) and (d) m probes overlapping w«h (b). used to conftnn che vafldily of dones isolated In the initial 
screening. 

(B) is the schematic presentation of the cONA clones isolated from a human colon (C2) and from CEM- 
lymphocytes (El 3) Kbraries and a diagram of the compietn cONA structure. Untra-.^taied sequences are 
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raprvMmed by a Sna. Coding mgions m booted. The shaded portfon« represent the sequencee whtch 
encode the signal peptide and the transmembrane domains. 

(C) shows the hydropatfty pnafile of the predicted vmno acid sequence of th TN^ receptor. 
Hydrophobictty (above the line) and hydrophilicity (be^ the line) values were determined using the 

5 sequence analysis software package of the University of Wisconsin genetic computer group (UWCQ) 
according to Kyte and OoolHtte (1982). The curve Is the average of the hydropathy index for each 
residue over a window of nine residues. 

(D) depicts the nucleotide and pre di c ted amino add sequences of the type I TNF receptor. The 
presumptive start and stop signals are denoted by asterfsfcs; the three sequences derived from TBP-l by 

TO broken overlining; the transmembrane and leader domains by round-ended boxes; and the four repetitive 
sequences in the extracellular domain by thick underlining. Cysteine resldiM are boxed. Qlycosyladion 
sites are overfined and the presumptive poiyadenyladon signal is VKlerfined. 

Fiflure 2 shows the detection of type 1 TNF^ uskig monoclonal antibodies to TBP-I in CHO cells 
transfected wfth E13 cONA. CHO ceils, clones f^-i8 (transfected with an expression vector In which the E13 

75 cONA wu placed under the control of an SV40 promoter) and C-8 (control: a clone of eeHs transfected with 
an expression vector In which £13 wss placed in the inverse orfentatTon), and HeLa ceUs. were stained with 
the arrtl-TBP-1 monoctonal anttetfes 17, 18» 20 and 30 followed by incubation with RTC conjugated anti- 
mouse F(ab). Fluorescence intensity was compared wfth that observed when a mouse monodonal antibody 
against TNF was used in the first step of the staining as a control. 

» Ffflure 3 shows reversed phase HPIX of the CHO-produced, soluble form of the type 1 TNF'R. 

A concentrate of the conditioned medium of the CHO R-t8 clones (see Ftg. 2) and a concentrate of the 
CHO C*6 dorte to wtdch 3 ng pure TBW was added, were appOed to an Aquapore RP300 column. Button 
was performed with a gradient of acetonftrBe in 0.3% aqueous trifluoroaceiic acid (— ). Fractions were 
exmined for content of protein (— > and of the sofuble fbrm of the type i receptor by an £USA (is). (as 

as described in Example 1: Procedures). None o( the elued fractions of a concentreto of the CHO done, 
without addition of TBP-1, was bund ID contain any detectable amounts of the soluble form of the receptor 
(not shown). 

Figure 4 shows the time course of the release of COOH-terminal amino adds from TBP-l by 
carboxypeptldase Y. 

30 FiQure S shows the oonstniction of plasmid pSV-TBP, which contains the OHA sequence encoding 
TBP-i fused to the strong SV40 earty gene promoter. 

Rgure 6 shows the constiiction of the plasmid pCMV-TBP. which contains the DMA sequence 
encoding TBP-I fUsed to the cytomegalovirus (CMV) promoter. 

Purified TBP*I isolated from human urine was described in European Patent Application EP 0 308 378 
35 of the present appOcants and shown to contain at the N«tennlnus the amino acid sequence shown in Fig. 
lAa. 

IhB COOH-terminal of TBP-I was determined now and shown to contain a major fraction containing the 
sequence lle-^lti^Asn idenoM by broken owerfining at positfcra 178-180 in Fig. 10. and at least one minor 
fraction including at least two further amino adds VaK.ys at positions 181-182. 
40 The inventton retates to a mtfhod fbr the production of human Tumor Necrosis Factor Binding Protein 1 
(T6P-I). btologlcafly active precursors and analogs thereof, which comprises: 

i) transfecting eukaryoiie oeOs with an axpresshm vector comprising a DMA mdecute encoding the whole 
type I hunnan TNF receptor, and 

rf)cutturfng the tr wH ected cells, whereby the desired protein is produced and secreted into the medium. 

45 The DNA sequence encoding ir»e whole type I TNF receptor is depicted In Figure 10. The soiubi 
domain thereof indudee the sequence down to position 180 (Asn) or 182 (Lys) or even some additional 
amino adds after poeitton 182. 

The human TBP^ proteins produced by the transfected ceOa according to the method of the invention 
and secreted into the metfum may have at tf>e N-terminus the sequence Asp^-Val denoted by broken 

50 overlining at positions 20*23 in Fig. iO (TBP-I). or the sequence Ijeu-Vai-Pro at poeftlorts 9-11 or Ue-Tyt-Pro 
at positions 1*3 or any other sequence between 1) «nd Asp(20). The proteins may have it the COOH 
terminal any of the sequerKes described above. AU these hurttan TBP4 proteins, if biologically active with 
TBP-Hike actNity, are encompassed by the invention as precursors and analogs of TBP< 

According to the inventkm, oBgonudeotide probes desigr^ on the basis of the NHt-terminal amino 

$6 add sequence of TBP-<. were synthesized by known methods and used fbr screening tor the cONA coding 
for TBP-I In cONA libraries. In a human coksn cDNA library, a C2 cDI4A insert was found whrdi hybridized 
to said probes and it was used for funher screening in a human CEKWymphocytes lambda ZAP cONA 
Ubf.'iry, thus leading » the cONA shown in Rg. 10. 
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Tha ONA9 of positive don6£ war then msartad into «ppropHalely constructed axpr^sston vectors by 
tachniques we« known In th© art In order fo be capable expressing a desired protem. an expression 
vector shoufd comprise aJso specrfie nucleotide se q u en ce s containing transcript'onel and transiational 
regulatory information linked to the ONA coding for the desired protein in such a way as to permit gene 
5 express arid production of the proteia The gene must be preceded by a promotBr in order to be 
transcribed There are a variety of such promoters in use, wfnch work with (Cerent efHoencies (strong and 
wvak pronratsrs). 

The ONA molecule comprising the n ud ecCde sequer^ce coding for a protein eompdsing the amino acid 
sequence of TBP-I. I.a TBP-I, a precursor or an anakig thereof, preceded by a nucleotide sequence of a 
70 signal peptide and the operaMy finked transcrlptionai and transiational regutttiy signals Is inserted imo a 
vector which is capable of integrating the desired gene sequences Into the host cell chromosome. The cefls 
which have stably tntegiated the introduced ONA Into their chromosomes can be selected by also 
introducing one or more maricers which aUow for selection of host cells which contain the expression vector. 

In a preferred embodiment, the introduced ONA molecule wto he Incorporated into a plasmid or viral 
rs vector capable of autonomous repQcaflon in the recipient host Factors of importance in selecting a 
panfcuiar plasmid or virai vector include the ease with wttich recipient cells that contain the vector may be 
recognized and selected from those recipient oeOs which do not contain the vector; the number of copies of 
the vector which are desired in a panicuiar host and whether it is desirable to be able to ^shuttle" the vector 
between host ceils of different spedes. Once the vector or ONA sequence containing the constnict(s) has 
20 been prepared for expressiort the ONA con8lnjct(s) nay be Introduced Into an appropriate host cell by any 
of a variety of siitable means: translbrmation. traratedton, coniugalton, protoplast fusion, eiectrpporation, 
calcium phosphate precipitation, direct mforoin^ectfon, etc 

The eukaryotic host cells are transfectad acc or ding to the inventfon with ptasmids comprfsing tfie cONA 
encoding the whole type I TNF recaplor. Pr e farred eufcvyotic hosts are mammalian cells, e^., human. 

39 mortkey. mouse and Chinese hamster ovary (CHO) cells. They provide the soluble fonm of the protein, 
besides the ceH surfte receptor, and provide post-transtational modffications to protein molecules including 
correct Ibkiing or gtycosyiation at correct sitet. Pntered mammalian celle acoordmg fo the invemion are 
CHO celle. 

After the introduction of the vector, the host oeOs are grown in a selective medium, which selects for the 
30 growth of v e ctor-c ontai ning ceOs- Expres sio n of the cloned gene sequence{s) resUts in the production of th 
desired soluble protein, that is secreted ktto the medium, and may then be isolated and purified by any 
convemional procedure involving extractfon. pre d pital to n, chromatography, electrophoresis, or the like. 

In a preferred embodiment, CHO cells are transfectad wHh the type I TNF-ft cONA shown in Rg. iD 
and they produce botft (he ceO surface receptor and TBP^, its sdubie form, and/or precursors and analogs 
35 thereof* 

The data presented In the present appficafion are consistent with the notion that TBP-I - the soluble 
form for the type I TNF-R • constitutes a fr ag ment of the oefl surface form of this receptor, corrssport^ng to 
its extracellular domain. The receptor Is recognized by several monodonal antibodies to TBP*i which 
interact with several spaSaDy dMnd epitopes in this protein. The amino acid sequence in the exfracedular 

40 domain matches the sequence of TBP-I. 

Particularly informative with regard to the mechanism of formation of TBP^I is the finding described in 
the presem appGcatlon, that a soluble form of the type I TNP-A is produced by CHO o^s which were 
iranslected with the TNP-f^ cONA, This implies that cefis possess some mechani6m(s} which ailow(5) the 
formatfon of the soluble form of the TKF*R from that same transcript that encodes the cell surface form. 

48 TTie kMf rate of productfon of the sokjble form of the type I TNF-ft by the E13-transfected CHO cells 
does not necessarily reflect maximal actMty. In HT29 oeOs. the sporitaneous release of a sohibfe form of 
type I occurs at about a 1 0-fold higher rate than that observed with the CHO^i 8 clone. 

A ffloefy mechanism whereby soluble forms of TNF receptor s can be derived from the same transcripts 
whkrh encode the cell surfece forms is proteolytic deevage. Indeed, flanking the amino add residu which 

50 convsponds fo the NHt-terminus of TBP-I there are, wHNn the sequence of amino adds of the receptor, 
two basic amino acid residues (tys-Arg) which can senm as a site of cteavage by trypsin-Uke proteases. 
The identity of the proteases whk:h might cause cleavage to take place at the COOH tenninus of TBP-I is 
not known. 

The inventfon wBl be illustrated by the fblfowing examptes: 

56 
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eXAMPtg 1: PROCEDURgS 

» Dqtefmination of amino acid saqufices within the TNF-tindinq proteirts TBP-I and TBMl 

9 The TNF Binding Proteins TBP-t and TBP-H were isolated from concentrated preparations of urinary 
proteina, as described prevkxufy (En^eimann. et al., (1990) J.BJoLChem. ». pp. 1531-1536} by Bgand 
(TNF) affinity chromatography teOowed by reversed phase HPlC TEW decved with cyanogen 
bromide, y^ing two peptides which, foflowtng reductfon and aDcylation, were isoiated by reversed phase 
HPLC. The two peptides (CNBr*1 and CNBr-2 tn Table I) were sut^ected to NKi-terminal sequence analysis 

rc on a pulsed liquid gas phase protein microsequenosr (Model 47SA, AppAed Biosystems Inc, Foster City 
CA>. The sequence found for one o< the peptides (CNBr-1) was Identlcat to the NKz sequence of the intact 
TBP-I protein. 

The COOH terminel sequence of amirw acids in TBP-I was dotemrUned by digestfon of the protein with 
carboxypttptfdase Y followed by sequential analysis <rf tfie released amino acids. A sample of pure TBP*I 

75 (32ug) was mixed with 1 nmole of norleudne. as an Internal standard, dried thoroughly and resuspended in 
8 ol 0.1 M soO^ acetate buffer. pH 5^. containing OlS ug carbOKypeptidase Y (Sigma. St Louis. MO). 
Digestion was performed at room tamperature. 2 uJ Afiquots withdrawn at various time points were acidified 
by adding 3 ul of 10% eoetic add to eech. foBowed by addition of 15 lU 05% EOTA. They were then 
subjected to automated amino add analysis (App6ed Biosystems, UJC model 420A). The result (shown In 

20 Rg. 4) indieaie the se quence -tte-^(^A3n^C00K Minor fractions were detected containing two or more 
additional amino adds. 

Sequences within TBP-4 were determined by ge n ei J tion of trypOc peptides of the protein. A sample of 
pure TBP-II (200 ug> was reduced, aflcylatod and reptaWed on an Aquapore RP-300 reversed-phase HPtC 
column. Fractions conttfnkig the modifled protein were pooled and the pH was adiusted to d.0 with 

7S HaWOi. Digestion wilfi TPCK-4iypsin (238 LWng. MMipore Corp., Freehold, NJ) was pertomted Ibr 16 h. at 
room temperature at w enayme » substrate ratio of 140 (wA»>. The digest was loeded on a Cio RP-F 
reversed phase HPLC coiumn (Synchrom, Unden, IN) and the peptldee separated by a linear 0 to 40% 
acetonitrfle gradient in 0^ equeous trtfluoroacetic add. The NHt Qsrminal amino add sequences d the 
peptides and of the inM prottin (fHarminus) are presented m Table U The peptides were numbered 

90 acoor^ to their seq u en c e s of eiutfon from ttte RP-P cduma In the fractions denoted as 38,44,48,53 and 
54, wfiere heterogeneity of sec^iences was observed, both tite major and the secondary sequences ar 
presented. 

b) Isdation of cONA dones 

38 

Three mixtues of syrrthetic oigonurientirtn probes (Figs. lAtx lAc) genarated from the nucleotide 
sequence doduced from the MHt-tennlnal amino add sequence d TBP4 (Ftg. lAa) were used for the 
screening of cONA I3)rviee. Mtid scree mn gs were earrfed out wfth 4d-fold degenerated. 28-mers Into which 
deoxyinosine was faitroduced. wherever ttte codon ambiguity allowed for all four nucteotfdw (Fig. 1 Ab). The 

« vafidity of positive donee was mmlned by testing their hybridisation io two mixed i7-mer nucleotide 
sequences con ta ir^ 98 «4 128 degeneracies, correspon di ng to two overtapping amino add se^iences 
which constitute p»t of ti» sequences lo wWdi tiie 2Mese probes correspond (Rg. 1 Ac and d). An 
dtgonudeotfde prabe corvespondr^ to a sequence locatad dose to the 5* tenranus of the longest of ttw 
partial cOr4A donee isoCated witfi die degener a ted probes (nucleotides 478458 in Rg, 10) was applM for 

45 further acieenrng cOMA Qbrtties for a fdl longth coru done. "fMabeing of the probes, using T4 
pdynudeotfde kinase, plating of tt*e phages in Iswne of bacteria, tfwir screening witfi ti» radio4abelled 
probes, tsoiation of tiie poeitive dones and st^cfoning d their cONA Inserts were carried out using standard 
procedures (Sambrooic J., et aL, (1888) Molecular Ctenrn o. A Laboratory Manual Cold Spring Harbor 
Laboratory Piess). 

c) Nucteotide sequencing of the cDMA dones 

cOI^ inserts isolated from positive tenbda QTii recombinant phages were subctoned into the 
pBtuescript KS(.) vector. Inserts fbund In lambda ZAP phages wwe rwojed by excising tf» piasmid 
pemesaipt SK(-) in tfwm. using ttie A40e helper phage (Short. JM. et d. (i 988) f^' J^yPP- 
7583-7800). ONA sequencing in botii directions was done by the dideoxy chain terminaflon 
Overlapping ddetton dones of the cONAa were gensrated. m both orientations, by digestion of tf>e cONA 
wtth exonudease Ut ('Erase a base" kft, Promega Biotec Madison, Wl). Single stranded templates derivec 
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from th«M dorm usii>Q the R408 phaQe ware soQuencad with a T7 ONA polymerase sequencing system 
(PromeQa). 

d) Constitutyve expfession of the type I human TNF^R m CHO cefls 

5 

The E13 tneert was {ntroduced into a modified version of the pSVl expression vector. This construct 
was transfected. togelher with the pSV2-0HFR piesmid which contains the DHFR cONA. Into DHFR 
deficient CHO ceOs, usb^ the caldum phosphate precipitation method. Tiansfectkyi with a recombinant 
pSVC vector which contvned the £13 insert in the inverae orientation sensed as a control Celts expressing 
70 the OHfn gene were selected by growth in nudeotide-Aree MEM slpha medium containtng fatal calf serum 
which had been dialyzed against phosphate buflsfed saline. Individual dones were ptefced out and then 
further seiectad for amplificatot of the ttansfeeted cOMAs by growth in the presence of SOO nM socfium 
methotrsKsle- 



78 e) Detectton of surftce'SPcpressed type I TNF-R in the CHO cans 

Binding of radtotabeOed humvt rTNF to ceOs (seeded In IS mm tissue cufture plates at a density of 2.5 
X 10^ oeNs/kMe) was qusntitated as deccribed before (HoOmam, K and Wallach, 0. (1967) JJmmunof. 
139, pp. Iig1>ligy). 

20 To eocmlne the bMng oT monoclonal antibodies agamst TBP-I to CHO cells, the ceils were detached 
by fricubetfon in phosphtta buffered safine (PBS: 140 mM NeCl, 1^ mM KHiKk. 8 mM NaiHPOb.. 2.7 m 
KCL 0.8 m MgCb. OJ m CaCbK containing 5 mM EDTA and then incubated for 45 min. at 0*0 with 50 
UQfmi of the test mo n ocfonal antibody in PBS c o ntaining 03% bovfne senmi albumin, and 15 mM sodium 
azide (PBSOSA). After wvKng the cells witti PeS/BSA they were incubated forther for 30 min. at 0*0 with 

as FTTC labelled, affinity purified goat antibody to the P(ab) fragmert of mouse IgG (1:20 tn P6S/BSA) (Bto- 
Makor. IsraaO and then mfyzod by determining the intansity of fluoreecence in samples ol 10* cells using 
the Secton Ofaidnson fkjorencence acth/aled ceO aortar 44a Tim monodonal am 
17.18 md 20. shown by croes competition analysis to recogniiB throe spatially distinct epitopes In the TBP- 
I molecule (EuropMn Ptient Appteaton No. 90n5106jO) and. sa a oonW, a monodonal antibody against 

so TNF-« (afl purifW from asdtic fluids by ammonium sulphato pre dp itati o n and of the lgG2 isotype), were 



f) Quantftatton of the soluble form of the type I Tfff-R fay SJSA 

99 A sensitive enzyme Moed Immunosorbent assay was set up using TBP-l-specfflc monoclonal and 
polyctonat ttttfbodies in a sandwich technique. Immunoglobuftns of the anti-TBP-l mAb done 20 (European 
Patent Application Nb. MUSIOGjO) were adeoibed to 98^ea BJSA plates (maxisoip. Nunc. Oenmarlt) by 
ktcubatton of the platos tbr 2 h. at 37*0 wift a aolufian of 25 ug/M c« the antibody in PBS. After incubating 
the weBs forther tbr 2 h. at 37*0 with a solutfon con tainino phosphate buffered saline. 1% 8SA. 0i)2% 

40 NaN« snd OJOS% Tween 20 (btocfcing solution) to btoek nonspedfie further bincSng of protein, tested 
samples were appfled to aflquots of SO ul/WdL The plates were then Incubated for 2 h. at 37*0, rinsed 3 
tfmss with PBS suppleme m e d wtti 0.05% T>«een 20 (washing solution) and rabbrt potydonal antiserum 
agair«TBP^ tflutad 1:S(X) in btocfcing sotutfon. was added to fie waOa. Ate 12h.at 
4-0 the ptelas were rtnsed ag^ and inoMed for 2 h. with horve reddish peroaddaseKasniugated puilfted 

« goat aral-rabbit Iga The assay was devetoped using 2jr-aztoo-bte (3«thyiben2ih(axoline-6 sulfonic acid) as 
a substrate (Sigma). The enzymatic product was determined oolortmetrfcafly at 600 nm. Pue TBP4 served 
as a stSTKlard. 

Q) Detection of a sofable ttorm of the type I TNF-ft in the orewth medium of the tran stected CHO celts and 
so ite analysis bv reversed phase HPLC 

The amousia of the soluble form of the type I TNM in samples of the medium of t he teste d CHO 
ceOs. cooected 48 h after medium repiacement were determined by the immunoassay described above. 
For anatyaia of the soluble receptor by reversed phase HPLC the OHO cells were cultured j^ JJI 
55 senmHiPBe medium (nucleotWe-f^ MEM a). The medium samples were concentrated ^^^"^ 
uttrefiltratfon on an Amicon PM5 membrane and 100 ul aiquots were then appOed to an Aquapore RP300 
column (45 X 30 mm. Brownlee Labs) praequiCbrated with 0.3% aqueous trtfluoroaceiic acid. The column 
was washed with this solutfon at a flow rrte of 03 rrO/min untS afl unbound proteins wen* fi.-tv'Kve:!. and then 
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efuted with a gradient of acetonitrilo concentration in 0.3% aqueous trifluoroacfltic add, as described before 
(Engeimann, et al.. (1989) J.Biol.Chem. 264, pp. 11974-11980). Fractions of 0^ ml were coiteoed and. 
after cortcemration In vacuo, were neutraHzed witn i M H£P£S buffer pH 9.0. Amounts of soluble type I 
TNP-R in the fracHone were determined by EUSA and the concentradion of protein by the tluorescamino 
5 method. 

gXAftlPL£2 

a) aoninq of the cDMA for the Type I ViF-H 

To dorm the cONAs which code for the TNF-binding protsin. T6^. and iti reiatad TNr recapiDr. 
severei cONA Kbreries were screened, usfng 3 overlapping oGgonudeotide probes designed on the basis of 
th« NH2-terminai amino acid sequence of TBP-I (Fig. 1A). tn a lambda GTlt library derived from the mRNA 
of human coion (randomfy primed, Qontech, Pate ARo» CA), fbur recombinant phages which hybridized with 

fs the three probes were detected. The inserts in these four phages were similar in size, and ww« found to 
overlap by reeir i ctton moppfng and seQuence analysis. 

Compiete analysis of the sequence of me longeet of the four (C2 tn Rg. IB. deposited on 6.12.1989 
wfth the Collection Nationale de Cuituree de MJcroorganismes (C^I.CM.). Paris. France, Accession No. »• 
917) revealed opert rea^ frame, aodended over its entire tength. A polypeptide chain encoded tn this 

20 reading frame fully matches the Nf^-terminal vnino acid sequence of TBP-I. Neither an inmatfon nor a stop 
codon was found in the C2 rnsen Resereening the coton cONA nbrary, using another probe corresponding 
to a sequence found in C2 (see Example 1: Procedures), yielded several other recombinant phages 
containing Inserts that overlap wfSi the C2 ineeft. However, none of them provided fur^ sequence 
informalion on the cONA in the 5* or the 3* dbection. tn a lambda ZAP cOKA Dbrary derived from the mRNA 

z$ of C£M lymphocyte: (OGgo dT and randomly primed. Oomech) five phages hybri(£2ing with this probe 
were detected, which contained signfficantty longer Inserts than C2. 

The longest Insert (Eli Fig. IB) was sequenced in Hs entirety (Rg. 10) and was teimd to contain the 
C2 sequence (nucleotides 346>1277 in Pig. 10) within one long open reading frame ^ 13^ bp. flanked by 
untrststated regions of 255 and SSS nudeoitdes at its 5* and 3* «tds. respectively. The potemial ATG 

30 tnitiaiton site, occ u r rin g at positions 25S-2S8 in the nucfeotide sequence (denoted by an asterisk in Fig. iO) 
is preceded by an upstream in-frame termination codon at bases 244-246L The Stan locatksn is in 
comfonnity with one of the possible altemadves fbr the translation initiation consensus sequence 
(GtSCATOa nudeotldee 253-259). 

There la no characteristic poly(A) addition signal near the 3" end o* me cOf^ The sequence ACTAAA, 

ss at nudeotidee 2046*2060, may serve as an alternative to this st^iaL but wilh low efTk:iency. At nucleotides 
1965-2000. there are sbc consecutive repeats of the se^Jence GTOn (n varying between 4 and g). 

The size of the protein encoded by the cONA (about SO kO) is si^tificaney larger than that of TBP-l. A 
hydropathy index computation of the deduced amino ackl sequence of the protein (Fig. IC) revealed two 
maior hydrophobic regione (see roun^ended bOKes in Fig. lO). One, at its Wz-tenninus. is apparentty the 

40 signal peptide whoee most ISceCy cleavage site Ses between the glycine and Isoleudne residues designated 
in Fig. 10 as *i and respectively. The other malor hydrophobic domain, located between resfctes 191 
and 213, Is fisniced at b^ enda by several charged amino acids, characteristte of a membrane anchoring 
tfomwv As in several other transmembrane proteins, the amino adds confining the hydrophobic domain at 
Its C(X)H«<enninal are basic. The transmembrane domain bisects the predicied protein into almost equaHy 

4$ Sized eodrecefHitar and Intreoeaulardomalna. 

Tbe exDKellUar doman has 3 putative sites fbr asparagine-mtked giycosytatten (evertined in Fig. 1D). 
Asaunlhg that the amount of oflgosaccharides In the extracellular domain is similar to that reported as 
piesem in TBW (Seddnger» P. ec aU (I969b) Cytokine I, i^ (an abstract)), the molecular size of th 
matura protein ie very similv to that estimated for the type l receptor (about sekO) (Hohmann, HJ>., et al^ 

50 (1989) J.Biol.Chem. ^M. pp. 14027-14934). 

b) Features of the predteted amino add sequence in the Type I TNF^B and reiation ship to the sfructure of 
TSP-landTSf^ll 

5s The amino add sequence of the extracenular domain of the protein encoded by the E13 cONA fully 
mstdBs several sequences of amino adds detennined in TBP^l (Table 0. it contains the NHtKerminai 
amine add sequence of TBP-I ^ amino 20-32 (compare Rg. iO and Rg. lAa). a sequence 
corresponding lo the COOH tenntnus of TBP-t ai ami-io icid i73 -?n: and. also, adjacent to the first 
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methicxttne locaM further downstream in tfie encoded protein, a sequence which is idemicai to the NK^* 
terminal ammo acid sequence of a cyanogenbromide deavaQe fragment of TBP-I (broken lines in fig. 10). 
There is also a martced simifanty in amino add compoaitton between the extraoeiluUr domain of the 
receptor and TB^ (Table 10* 

The most salient feaure of this amino add compoeit^on is a very high content of cystein residues 
(shown boxed m Ftg. 1D). The positioning of the cystein residues as well as of other amino adds within the 
extracellular domain dispiays a fbur^fold repetition pattern (underlined in Rg. ^0% The amino add sequence 
wfthin the eaetrecellular domain of the TNF-R, which corresportde to the COOH terminal seqxxence of TBP*I 
(see Table ( and Rg. 4 >, is located at the COOH terminus of the cystein-rieh repeat region. The sequence 
correspondrng to the HHt terminal sequertce of TBP-I corresponds to a sequartce tocaled a few amino 
adds upstream of the NH3 terminal erxi of this region (broken Enes in Ftg. 10) in the extracellular domain. 

In contrast to the Identity of ammo add sequences between TBP-I and the extracellular domain of the 
type I TNF receptor, sequences examined in the soluble form of the type H TNF-R (TBP-<l, Table I) were 
not identicel to any sequence in the type I TNF-R. This finding is expected, considering the lack of 
rmmunological crocsreactivity between the two receptors (Engeimann, H., et at., {19B0) J.BM.Chem. 265 , 
pp. 1531-1536). 

In contrast to the very high content of cyscain residues tn the putBth« agdracelkdar domain of the type I 
TNF-R. there are only 5 cystein residues in the rfttraoeUular domain. Between the two which are proximal to 
the transmembrane domain (posHions 227 and 283). oadends a stretch of 56 amino adds which Is rich in 
proline residues (16% of the residues) and even richer in serine and threonine residues (36%), most located 
very dose to or adjacent to each ottier. 

EXAMPLg3 

2S Expiession of the type I TNF^ cQNA 

To exptm the relation between the protein encoded by the £13 cONA and TBP4 further, this protein 
was eacpressed in CHO oeOs. The £13 cONA was introduced Into an expression voctor and was cotransfec- 
ted with a recombinant vector containing the dihydrofoJate reductase (DHFR) cONA Into DHRVdeficient 

30 ceOs. After selection by growth in e nudeotkl e-trae medium, indMdual donee were ampUtied by growth in 
the presence of methotrexate. A number of donee which react with several monoclonal antibodies that bind 
to spatially distinct epitopes in TBP-l were detected (Hg^. Expression of the protein was conelated with an 
increase in spedfie binding of hi^nan TNF to the ceOs (Table 10). 

Applyf ng a sensitive immunoassay tor TBP4 in which polyclonal antibodies and a monodonai antibody 

js against this protein were emp«oyed. (Procedures. Ewnple 10 Irt the medium of CHO ceBs which express 
the human TNM on ther surface, also a sohiMe form of the prote^ could be detected (Tsble III). AU of 
five different CHO donee wNch sxpressed ttte TNF^ produced thie soluble protein. Several other 
transfected donee which did not express the ceO suKece receptor did not produce its sdubto form either. 
When analysed by reversed phase HPLC, the CHO^iroduced soluble TNF-R eluted as e single peek, with a 

40 retention time identical to that of TBP^ (Fig. 3). 

EXAMPtX4 

Ooning of the cOfJA encodtog TBPH and expression of TBP-I in Chinese Hamster Ovary (CHO) cells 

4$ 

ki order to obtain plasmids suitable for ef6dem eoqpresston of the WA encoding a soluble domain of 
the type I TNF recepcor in mammafian cette, the gene from position 256 to position 868 of the ONA 
sequence shown In Pig. 10, was cloned In two expression vectors: in one plaamid, gene expression was 
under the SV40 early gene promoter, in the second plasmid, gene expression was under the regulation of 
» the cytomegalovinjs (CMV) promoter. These vectors were introduced Into CHO cells by CaPa copredpita- 
tion with a plasmid DHFR lelectable genetic marker. 

Construction of Expression Vectors 

55 1) SV40 Earfy Promoter-THP^I fusion: Plasmid pSV-TBP . 

Constitutive expression of TBP-I can be achieved by using an expression vector that contains the ONA 
sequence coding for TBP-I fUsed to the strong SV40 early gene :TOmoter (H;g 5). 
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St«p 1: A ONA fraoment coding for TBP-I. inc^dlng fts signal peptide and extending to amino add 
180 was preperod by PCR amplificatkxi. For amplification two oQgonucfeotides were used as 
primers: the 5* end prtmer contains the sequence codmg for the first seven amino adds of 
the signaJ peptide, preceded by six nucleotides; the 3* end o^igonucieotide contains the 
5 sequence coding for amino add wm^im 174 through 180 followed by two stop codons (TGA 

andTAA>. 

The conditions for PCR ampiiftcation are the foftowtng: 





Temperature 'C 


TIme.min 


1 cyde 


94 


6 




50 


2 




72 


4 


30cyetes 


94 


1 




SO 


Z 




72 


4 


1 cyde 


94 


1 




SO 


2 




72 


12 



Step 2: After sequence vwiflcaiton, ihe amplHied ONA fragment was cloned into the HlncU restriction 
site of ptasntki pQ£M-i by bkM end Bgadon. Plasmtds pTBP-i6 and pT8P-17 are the two 
piasmids oMned in this way and they differ in the ortentation of the TBfM insert with 
respect lo the cloning vector. 

Step 3: The ONA fragment containing TBP-I was excised fmm plasmid pTBP-17 using th two 
adtacem r es trict ton shee HindUl (at the S* end) and SamHt (at the 3' end). 

Step 4: Final^i this f^egment was doned between the Htnditi and the BcU restriction sites of the 

expression vector pSVE3. 
The resufting plasmid is caiM pSV-TBP (Rg. 5)l 



2) CMV promoter^TBP4 fusion: piaamtd pCMVATBP * 

AKemalivefy. constitutive expression of TBP-I can be achieved by using an expression vector that 
^ contains the ONA se^ience codng for TBP-I fused to the CMV promoter (Rg 6). 

The ftfst two steps lor the consvuction of the CMV based vector are identical to the ones described for 
the construdton of the SV40*TBPI fusion piasmid. as described above. 

Step 3: The ONA f^jment containing TBP-( was excised from plasmid pTBP-i7 using the two 
adiecent restrtoion sites Hindia (at itM 5* and) and >M (at the r end). 
^ Step 4: Rnafly. this fragment was doned between the Hindltl and the Xbal restriction sites of the 
exprsunkm vector Rc/CMV. 
The resulting plasmid is called pCMV-TBP. 



Expr essi on of Human TBP-I In CHO Ceils 

CHO ceBs CMOKi OHPR-, leddng DHf=R activay, were transftormad by CaPa copredpilation with a 
12:1 mixture of uncut pSV-TBP ONA (73 ug) and mpSV2DHFR (6ug) ONA, the taoer being the selectable 
marfcer. Atfismatively. CHO calls were trmftymed with a 5:1 mixture of pCMV-TBP (30 ug) and 
mpSV2DHFR (8 ug), 

CeBs were grown in nutrient mixtuie F12 (Qibeo) wim 10% fetal catf sanim (FCS) at 37*C in 5% CDs. 
For ONA transfecttoa 5x10^ caUs were cultured for one day in 9 cm plates. A CaPa-ONA copredpitaia 
was prepared by mixing plasmid ONAs. dtesofvad In 0.45 ml of Tris-Ha pH 7.9, 0.1 mM EDTA %vith 0.06 ml 
of 2.5 M CaCb: thereafter. 0.S ml of 280 mM NaaPCk. 90 mM Hapas buffer pH 7.1 was added wfth gentt 
mbdng. The mixture was Icept for 30*40 minutes at room temperature in order to fbrm the predpitate. After 
adding the CaPOfOfU to the ceils and leaving the cefts at room temperature for 30 min, 9 mi otf nutrient 
mixture FiZ 10% FCS ware added and the cu^bs returned to the CQi incubator for 4 hours. Medium was 
removed artd the cells were osmoticaay shocked with 10% glycerol in F12 tor 4 min. After 48 hours of 
growth in nor>-se(ective medium, the cells ware then trypsiniied and f:ubC'-;l»u/* s MO into selective 
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medium, composed of Dulbacico's modified Eagte's medium (DM04) (H21, GibcoK 150 ug/m\ proline, and 
10% FCS which h«d been exrensivefy dtalyzed agaM phosphate-buffered saline (PBS). In some cases* 
MEM alpha medium without nucleotides (F20, Gibeo) wasoised. The cultures were kept at 37* C and 10% 
CO? and the medium was changed every 3^ days. Clones were isofatad after about 15 days, trypsinized. 

5 and grown to mass cultures. 

Transformants at^le to grow in medium lacking thymidine (OM£M wfth diafyzed serum) were obtained. 
Cultura supematsnts of individual transfomiant dones or culture supernatant of mbcad populations were 
screened for human TBP-I by measuring the level oi secreted protein by the enzyme Gnked Immunoassay 
described in Example If. TB^ levels of up to 10 ng/rm ware detected in cula<re supematants of mixed 

to cells populations. 

This example shows that TBPM or a stmitar aoWe protein can be obtained also by transfection of 
mammaCan celts with a ONA encoding the soluble domain of the type I TNF receptor. 



IS 



EXAMPteS 

Btpresalon of TBP-< In £. coO. 



For expression of JBP*\ in EcoA. ttw sequence oodtng for the signal peptide and for the first 19 
aminoadds (Arg) must be re mo ve d (Figure . 10). Moieover. the Asp rsskkie must t)e preceded by a Met 
20 residue. The desired fragment is then cloned into the ea ^r e safa an hector pKK223^3 that contains the hybrid 
tryp-lac promoter. To achieve tNs goal piasmkl pT8P-lS (Fig S) la cut with the two unique restriction sites 
Styl and HindllL Styl restridion site Is OCAAGG and, therefore. H cuts after Pro2i. Hindin restrteti n site is 
located in the polyltrtksr of the plasmid and downstream from the two added stop codons that follow AsnlSO 
(Fig. 5). 

2S The resulting DMA fragment eocSng for TBP-I. has an intact y end and a taincated r end. where the 
sequence preceding the Styl site and oodfaig for Asp^-Val-Cys-Pro has been removed. 

For doning of the Styf-Hindin fragment Into the expression wcbor pKK223^. the following couple of 
synthetic oigonudeotidea are used: 

» Hmt Aftp S#r V«I Cys Pro 

5* AAHC ATG CAT ACT OTC TCT CCC 3* 

3* 6 TAC CTA TCA CAC ACA GGG GTT C S* 

M 

\ I t I 

BcoKI StyZ 

One end of this double stranded oligonucleotide Is an EooRl restriaion site. This end is Ugated to the EcoRl 
site of plasmid pKK223-3, located downstream to the tryp^ promoter. The second end of the double 
stranded oligonucleotide is a Styl restrtct to n site to be figatad to the Styl of the TBP-I DNA fragment. 

The remainder of the sequence is such that the codons coding for the first fiva amino acids are 
4S restored and that an addmcnal Met oodon is added in front of Asp20. The expression vector is obtained by 
ligation of plasmid pKK223-3, ^gested with 6oof« and Hindm. to the double-stranded synthetic 
oigonu d eotide and to the Styl-HindUl TBPf fragment 
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Exoli C9lts are transfected with this expression vector in order to produce TBP-l. 
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TabtoU 



5 


Similarity of the amino add compositions of tti TNF binding protein T8Pi ana a 
corresponding region in the exxracatiulaf domain of the TNF'^R (type f) 


Amino «cid 


mol^ 00 mol of amino adds 


TBPf 


Residues 20-180 In the 
oetraoeOular domain* 


10 


Ala 1.7 








Cyt 


19 A 






AtQ Asn 


1A O 


11 1 

1 1 . 1 




Qtu ♦ Gh 


1^ a 


19 a 




Pha 




3.1 


T5 


<3ly 


&d 


53 




Ms 


4.4 


43 




to 


23 


23 




Ly» 


6^ 


6^ 




leu 


&0 


63 


20 


Mot 


0.4 


03 




Pro 




3.1 




Ary 


4.7 


43 




Sar 


ai 


93 




TTr 


6.1 


63 


28 


Vtf 


<2 


43 




Trp 




03 




Tyr 


2.4 


3.1 



'AeeordlngtoOlssonattf. 1989 

^Residue 20 corresponds to the NHa*tenninil amino add of T8Pt. Residue 160 fs the 
COOH-tarminal residua of TBPt 
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ClaiiRS 

s t. A method for to production of human TBP-I (Tumor Nocrosis Factor Bindong Protein I « so(ut>ie 
Tumor Necrosis Factor Receptor type I XsTN^Rof^ttich compriser 

(a) transfecttng eukaryotic cells wfth an eo^resston vector comprising a DNA molecuie encoding the 
whole human TNF-W; 

(b) cutlurlng the translected eui(aryottc oeSs; and 
10 (c> isotatif^ said T6P-I (Tom the medbm. 

Z, The method according to claim 1, wheretn the DMA motocule enoodmg the whole typo t TNF receptor 
Is the cOMA havtng the sequence depicted in Ftgwe ID. 

75 3b The method accoidtng to daim t or 2. wherein the cONA is introduced into an expression vector and is 
cotransfedBd with a recombinant vector containing the dffkydrofoiate reductase (DHFR) cONA into 
DHFfVdeflcient Chinese hamster ovary (CHO) oeOs. 

A, The nriethod according to any one of datms 1 to 3* wherein the oetla are selected by growth in a 
30 nucieotlde-free me^um» Mvldual clones are ampAffied t>y growth in the prwence <rf methotrexate and 
the TBM secreted Into the medium is detected by readSon with monodonal and^or potyt^lonal 
anHbodtes raised against TBP*t 

S. ThenwthodaecordinoteafiyoneofcWrnsi to4.whereinsaidTBP<4obttin^ 
2S analoo. 

PetentanepcOche 

1. Verfahren zur f-MsBung von menschlichem TBP^ (Tumor-nekrosefaidDr-«ndungsgro(ein I « idsKcher 
90 Tu m omefcro sei aktor-ftoptor-Typ I (sTNF4V)) umfamnd: 

{a) Trensflisktlon eukaryotischer ZsVen mit einem B tpress i onsvefctor, der ein dsn voHstindgen 
menscMichen IW^ codtora nd es DNA-MolekOt enlhIR: 

(b) ZGchftmg dsr transllzferten eufcary oti achen ZeOon: und 

(c) Isoliefung dee T6P-I aus dam M ed ium . 

as 

2. vefiwtrsn n«* Anspnch 1. wobei das den voOsanfigen Typl-TMRRee^^ 
(£e cONA mit dsr m ID dsrgesteOten Sequenz ist 

X Verfahren nach Anspruch 1 Oder Z wobei die eONA in einen Scpressionsvekfior aingefOgt tffid mit 
40 einem rekombinviten. dte DtiydroWatiedulctase (OHFIQ<ONA enthattervten Vefclor in DHFIWefiJiems 
Ovarzeien dee chineeitchen Hamsters (CHO-Zelton) ootransfiziert wird. 

4 Verttfven nach einem der AnsprOche l bis a, wqW (fie ZeOon durch Wachstum m einem nocieotidfrei' 
en Medium ael eittionisrt warden, einaelne Oone duch Wachstum in Qegenwart von Mothotrexai 

49 mpGllziert werden und das in das IMium sezennterte TBIH diach Reafction mit gegen TBF-I 
g ait ch te te n monodo oai an und^oder potydonalen AntfUkpem nachgewtea an wiid. 

5 VerMren nach einem der AnsprOche 1 bis 4. wobel das erhatone TBW eine TBP-Worstufe Oder edi 
TBP-Mnalogon ist 

so 

Revendlcttiofis 

1. ProoM de preparation de TBP4 humaine (Profttoe i de fiaison au facieur de ntfcrose tumorale - 
r^cepteur du facttur soiubte de nteoee tumorale du type I (sTNMO). comprenant : 
95 (a) la transtectlon de oelutes eucaryotee awec un vecteur d'expression comprenant une moidcuie 

d'ADN GOdant pour Tensembie du TYiF-Rl humain ; 

(b) la mtse en cuiture des oeUules eucaryotee de transfectm ; et 

(c) naolement du^ TBM du miCeu. 
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2. ProcM§ seton la revendtcation 1, clans lequat la mol4cuIe d*AON codant pour TensamWe du recepteur 
d« TNF du typQ 1 9st TADNc ayant la s^quenw reprtacntw 5Uf la figure 10. 

3. Proc^4 selon la rovwdlcatioo 1 oo 2, dans lequel PAONc est introduit dans un vocteur d'expfession et 
5 soumis k une cotransfection avec un vecteur racombinant contanant KADNc de dihydrofolate-riductas* 

(OHPfl) pour former des cailutes d'ovaire da hamster cWnois (CHO) prtfsantan* une carence en OHFR. 

4. ProcM s«k>n Tune quelconque des revendications 1 k 3, dans (equei tes oeilules «ont stfl«::tionn^ 
par aoissance dans un mnieu exempt de nudtfotides, des clones individuels sont amprtftfs par 

10 cfoissartce en presence de m6thotr«)cate. et ta TBW afo^vfe dahs le milieu est dtectde au moyan 
d*une fraction «vec des andcorps monodonaux etou des anticorps potydonaux dirig^ contra ia TBP*r. 

& Proc^dd sefon Tune quelconque des revendlcatfons 1 & 4. dans (equal ladite TBP4 ottenue est un 
precurseur ou un analogue de la T6P-L 

rs 
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